Measurements of pupiliary reactivity and size were recorded using neutral density filters and infrared pupiliometry (IRP) in a prospective masked study of acute central retinal vein occlusion (CRVO) to quantify the two methods of measurement and to compare their value in the prediction of rubeosis. Thirty two patients were examined within 45 days of disease onset. The mean relative afferent pupillary defect (RAPD) with filters was significantly greater in patients who developed rubeosis than in those who did not (0.9 vs 03 log units; p=0-012). Using IRP, the pupiliary diameters in the dark (maximum) and in the. light (minimum) were significantly greater, the rate of pupillary constriction was significantly lower, and the latency ofconstriction was significantly greater in affected eyes than in unaffected eyes. The differences between affected and unaffected eyes in the IRP parameters of latency, rate, maximum, and minimum pupillary diameters were significantly greater in patients who developed rubeosis than in those who did not. Discriminant analysis of the IRP parameters correctly and statistically significantly identified rubeotic patients with 83% sensitivity and 95% specificity. An RAPD of .-06 log units was 83% sensitive and 70% specific in this regard. It is concluded that pupillary reactions are abnormal in many patients with acute CRVO, as measured by both pupiliometric methods. The degree of these abnormalities has a relationship to the development of rubeosis, and might prove useful in planning the follow up of these patients or in deciding whether to apply panretinal photocoagulation. The neutral density filter test is readily available but subjective. IRP is more specific, objective, and suited to further development, but requires sophisticated equipment. (BrJ Ophthalmol 1993; 77: 75-80) Bristol Eye Hospital P A Bloom D Papakostopoulos S Papakostopoulos RH B Grey
Central retinal vein occlusion (CRVO) is a common cause of visual loss and may lead to rubeosis iridis and to loss of vision from painful neovascular glaucoma. The risk of these complications may be reduced by panretinal photocoagulation following the early identification of cases at high risk of developing the complications.1" Attempts have been made to predict rubeosis following CRVO using various parameters-' but no method of prediction has gained wide acceptance in clinical practice. Of the clinical methods measurement of the relative afferent pupil defect (RAPD) using neutral density filters has been shown to be a sensitive predictor.6" " However, this clinical test is subjective, liable to interobserver differences, and there are variations in the levels of RAPD reported to predict rubeosis."69101
Infrared pupillometry (IRP) is not subjective and may provide a more reliable measure of the RAPD. IRP has been shown to be useful in quantifying pupillary reactions in diabetes'3 14 and other conditions,"-" although to our knowledge it has not been systematically performed in CRVO. It was therefore decided to investigate clinical and infrared pupillometry in a prospective, masked study of CRVO and to compare the two methods of pupillary assessment in the prediction of rubeosis following CRVO.
Patients and methods Patients found to be suffering from acute CRVO, on presentation to the accident and emergency department of Bristol Eye Hospital, were referred to a special clinic for assessment. All patients presented within 3 weeks of noticing a visual disturbance, and underwent a detailed clinical examination in the CRVO clinic within 2 weeks of presentation. Patients then underwent infrared pupillometry within 10 days of clinical examination, and at least 7 days after instillation of any topical medication. This ensured that the effect of pupil dilatation did not influence the results.
The ptipillometric investigator (DP) was not provided with clinical details except that patients being assessed had recently suffered a CRVO in one eye. Patients were followed up once a month by the same clinical investigator (PB) Twelve patients (37-5%) developed rubeosis iridis during a 9 month follow up period. The mean time from CRVO onset to rubeosis was 81 days (range 28-160 (SD 46) days). The rubeosis began at the pupil margin in nine of the 12 patients, on the trabecular meshwork alone in one patient and at both of these sites in two patients. These four values were the latency of constriction (L, in ms), the rate of constriction (R, in mm/s), the maximum dilated pupillary diameter (D, in mm) before each light stimulus and the minimum constricted pupillary diameter (C, in mm) during each stimulus. In addition, the D/C ratio was calculated for each set of readings.
STATISTICAL ANALYSIS
All results were analysed using paired or unpaired two-tailed t tests, as appropriate, using a significance level of 5%. In addition, the IRP data were subjected to the multivariate statistical techniques of discriminant analysis and multiple linear regression.2 22 Discriminant analysis assesses the sensitivity and specificity of parameters in the retrospective 'prediction' of a known outcome by combining the parameters in all linear combinations. The resulting values are used to classify the subjects and to calculate the probability that the prediction is correct for each individual. In this classification, the outcome is predicted as rubeosis if the probability of rubeosis is calculated as greater than 50%. A group significance level for the 'predictions' may be obtained by multiple linear regression. The outcome of rubeosis was predicted firstly using the eight primary IRP values (four parameters in each eye), and secondly using the differences in the four parameters between affected and unaffected eyes. Multiple linear regression (MLR) determined in what way the parameters could be combined to create a model (an equation) that classified (ranked) patients with rubeosis as most different from those without rubeosis. This model might then be used prospectively to predict rubeosis in new cases of CRVO, given new values for the above parameters.
Results

NEUTRAL DENSITY FILTER RESULTS
Under room illumination no patient had clinically measurable anisocoria.
In 10 patients there was no clinically measurable difference in pupillary reactions between Table 2 IRP results: means (standard deviations) ofeach parameter in affected and unaffected eyes, in patients without rubeosis (n=20), patients with rubeosis (n= 12), and in all patients (n=32) following CRVO (Table 2 , bottom). The D/C ratio was significantly smaller in affected eyes than in unaffected eyes because the effect on the constricted diameter was greater than that on the dilated diameter.
With IRP the latency of pupillary constriction in the group of affected eyes was greater, and the rate of constriction less, than that in unaffected eyes. The differences in all IRP parameters between affected and unaffected eyes are statistically significant (Table 2 , bottom).
Further to these differences in the whole group, there were differences between affected and unaffected eyes in the subgroups of patients with and without rubeosis ( Table 2, middle and   Table 3 IRP results: means (standard deviations) for the interocular differences (affectedunaffected) in each parameter, in patients without rubeosis (n=20), and with rubeosis ( top). The differences in constricted pupil diameter, D/C ratio, latency, and rate between affected and unaffected eyes are statistically significant for patients with and without rubeosis. For patients with rubeosis, the difference between the dilated pupil diameter in the affected and unaffected eyes was statistically significant but ftr patients without rubeosis, this difference was not statistically significant. Ranking demonstrated that rubeotic patients were clustered at one end of the table, both for RAPD and for the interocular difference in IRP parameters. The cut off between rubeotic and non-rubeotic patients using ranking, however, was not sharp and some rubeotic and nonrubeotic patients were ranked at the opposite end of the table from the majority of their fellows. Figure 1 shows the value of the interocular difference in dilated pupillary diameters plotted against the interocular difference in constricted pupillary diameters, and illustrates the overlap between rubeotic and non-rubeotic patients. The other parameters showed similar results. Table 4 . been 50% sensitive and 90% specific in the In other words, using IRP parameters, dis-identification of rubeosis. If an RAPD cut off of criminant analysis was 83% sensitive and 95% .0 6 LU had been used to predict rubeosis, it specific in the 'prediction' of rubeosis (statis-would also have correctly identified 24 of 32 tically significant; p=0-032, MLR). Using the outcomes. Ten of 12 patients with rubeosis and interocular differences in the four IRP para-14 of 20 patients without rubeosis would have meters, discriminant analysis was 83% sensitive been correctly identified, a sensitivity of 83% and and 85% specific in the 'prediction' of rubeosis a specificity of 70%. (statistically significant; p=0-006, MLR).
In addition to the different RAPD thresholds that have been used to predict rubeosis, the sensitivity and specificity of the different levels Discussion have been reported to vary.69 10' " This variation in The more ischaemic is a CRVO, the greater the the 'break point' of the RAPD probably reflects incidence of rubeosis'°and of neovascular glau-the subjectivity of the clinical test and this coma. Following the early identification of impugns the reliability of comparisons between Table 4 Summary ofresults ofdiscriminant analysis using IRP data. The percentage probablility ofeach predicted outcome (Pr) is given alongside the patient index number for incorrect predictions. The regression equation that calculates this probability is also shown, with the level ofsignificance for the prediction. Both sensitivity and specificity levels would be changed by altering the 50% probability level used by discriminant analysis in the prediction of rubeosis. If it were deemed important either more definitely to exclude rubeosis or more definitely to predict it, the level of probability used by discriminant analysis in prediction could be raised or lowered accordingly.
We have demonstrated significant anisocoria in patients with CRVO both in the light and in the dark, although it is unclear why affected pupils should be larger than their unaffected fellows. It 
